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7KH,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG:LUHOHVV,QIRUPDWLRQDQG&RPPXQLFDWLRQ
7HFKQRORJLHV$:,&7
0HDVXUHPHQWRI7HPSHUDWXUH7KURXJK5DPDQ6FDWWHULQJ
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WKHRUHWLFDO DQG VLPXODWLRQ PHDVXUHPHQW RI WHPSHUDWXUH :H KLJKOLJKW WKH HIIHFW RI GLVWDQFH LQ WHPSHUDWXUH PHDVXUHPHQW LQ
SDUWLFXODUWKHZRUNLQWKLVDUWLFOHSURYLGHVWKHHTXDWLRQZKLFKVKRZVZHOOWKHUHODWLRQVKLSEHWZHHQWKHWHPSHUDWXUHDQGGLVWDQFH
LQRSWLFDOILEHU7KHUHVXOWVLQGLFDWHWKDWWKHDQWLVWRNHVVLJQDOLVVWURQJO\GHSHQGHQWRQWKHWHPSHUDWXUHWKHUHIRUHWKHWHPSHUDWXUH
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
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG:LUHOHVV,QIRUPDWLRQ
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$:,&7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2)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,QWURGXFWLRQ
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6+0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LQIRUPDWLRQDQGWKHVHVHQVRUVPXVWEHSODFHGDWµJRRG¶SRVLWLRQVWRGHWHFWGDPDJH&RPSDUHGWRHOHFWULFVHQVRUV
WKH2SWLFDOILEHUVHQVRUV2)6DUHWKHPRVWLQWHUHVWLQJDQGSURPLVLQJVHQVLQJWHFKQRORJLHVGXHWRWKHDGYDQWDJHV
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7KHVH2)6DUHDEOH WRPHDVXUH WKHFKDQJHRID VSHFLILFSDUDPHWHU PHDVXUDQGDORQJ WKHZKROH ILEHU WUDQVGXFHU
ZKLFK LV DOZD\V FRQVLVWLQJ RI D IXVHG VLOLFD 6L2+HQFH WKH LQWHUDFWLRQ EHWZHHQ VLOLFD DQG DQ HOHFWURPDJQHWLF
ZDYH JHQHUDWH YDULDWLRQV LQ WKHPROHFXODU VWUXFWXUH RI WKHϐଵ଴&ODVVLFDOO\ WKH LQFLGHQW OLJKWZDYH JHQHUDWHV
DFRXVWLF ZDYHV RZLQJ WR WKH HOHFWURVWULFWLRQ HIIHFW ,Q VLOLFD RSWLFDO ILEHUV WKH PRVW LPSRUWDQW HIIHFWV DUH WKH
QRQOLQHDU SKHQRPHQRQ 6WLPXODWHG %ULOORXLQ VFDWWHULQJ 6%6 VWLPXODWHG 5DPDQ VFDWWHULQJ 656 DQG WKH .HUU
HIIHFWDUHWKHWKUHHIDPRXVQRQOLQHDUଶ6RIDU5DPDQVFDWWHULQJSKHQRPHQDKDYHZLGHO\EHHQXVHGLQ6+0
FKHPLVWU\ PDWHULDOV HQJLQHHULQJ DQG SK\VLFV IRU UHVHDUFK RQ WKH QDWXUH RI LQWHUDFWLRQV DQG SURSHUWLHV RI
VHPLFRQGXFWRUV'XULQJWKHODVWGHFDGHWKHLQWHUHVW LQWKHVWLPXODWHG5DPDQVFDWWHULQJDQGRWKHUQRQOLQHDURSWLFDO
SKHQRPHQD KDV VLJQLILFDQWO\ LQFUHDVHG ZLWK WKH GHYHORSPHQW RI RSWLFDO ଵଶ 7KH 5DPDQ
GLVWULEXWHGWHPSHUDWXUHVHQVRU5'76EDVHGRQVSRQWDQHRXV656LVRQHRIWKHKLJKWHFKHTXLSPHQWVIRUUHDOWLPH
PHDVXULQJWKHVSDWLDOGLVWULEXWLRQRIWHPSHUDWXUHZKLFKKDVEHHQPRVWO\XVHGDQGLQYHVWLJDWHGLQUHFHQWସ,Q
WKLV SDSHU ZH KLJKOLJKW KRZ ZH FDQ XVH 656 WR WDNH D WHPSHUDWXUH¶V PHDVXUHPHQW DORQJ RSWLFDO ILEHU ,Q WKH
EHJLQQLQJ ZH VWDUW E\ H[SODLQHG WKH '76¶V VWDQGDUG 5DPDQ VFDWWHULQJ WHPSHUDWXUH GHSHQGHQFH DQG WKHQ ZH
LQYHVWLJDWHWKHEDVLFHTXDWLRQXVHGWRPHDVXUHWHPSHUDWXUHWKURXJK5DPDQVFDWWHULQJ
3K\VLFV	7KHRUHWLFDO0RGHO
5DPDQ'LVWULEXWHG7HPSHUDWXUH6HQVRU
'LVWULEXWHG ILEHU RSWLF VHQVRUV LV XVHG WR PRQLWRU WKH YDULDWLRQ RI DHURVSDFH DQG FLYLO VWUXFWXUDO FRQGLWLRQV WKH
VHQVLQJOHQJWKYDULHVIURPPHWHUVWRRYHUNP*HQHUDOO\DGLVWULEXWHGVHQVRUFDQUHSODFHPDQ\SRLQWଵଷ
5HFHQWO\ WKHGLVWULEXWHGILEHURSWLFDO WHPSHUDWXUHPHDVXUHPHQWV\VWHPKDVEHHQZLGHO\XVHG IRUPHDVXUHPHQWRI
UHDOWLPHVSDFHWHPSHUDWXUHGLVWULEXWLRQ2)LVDWUDQVPLVVLRQPHGLXPDVZHOODVDVHQVRU:HUHPHG\RSWLFDOWLPH
GRPDLQ UHIOHFWRPHWU\ WHFKQRORJ\ WR ORFDWH WKH PHDVXUHPHQW SRLQWV WKH V\VWHP PHDVXUHV WKH WHPSHUDWXUH
LQIRUPDWLRQE\WKHWHPSHUDWXUHHIIHFWVRI5DPDQଵସ
 5DPDQ6FDWWHULQJ
5DPDQRSWLFDO WLPHGRPDLQUHIOHFWRPHWU\527'5LVEDVHGRQEDFNVFDWWHULQJRIWKHVSRQWDQHRXV5DPDQVWRNHV
DQGDQWLVWRNHVZDYHV







)LJ 527'5V\VWHPIRUWHPSHUDWXUHGLVWULEXWLRQPHDVXUHPHQW
527'5V\VWHPVIRUGLVWULEXWHG WHPSHUDWXUHPHDVXUHPHQWVKDYHDVKRUW ODVHUSXOVH LQMHFWHG LQWR WKHRSWLFDO ILEHU
7KHVSOLWWHUQDPHGDOVRFRXSOHULQRXUFDVHLVDGHYLFHFRQQHFWLQJDVLJQDOHQWHUHGWRWZR,WPDNHVLWSRVVLEOHWKH
VHSDUDWLRQ RI VLJQDOV ZLWKLQ WKH RSWLFDO ILEHU 7KH EDFNVFDWWHUHG 5DPDQ SKRWRQV FRQWDLQV LQIRUPDWLRQ DERXW WKH
WHPSHUDWXUHGLVWULEXWLRQDORQJWKHRSWLFDOILEHU7KHPLQLPXPVSDWLDOUHVROXWLRQGHSHQGVRQWKHSXOVHZLGWKRIWKH
LQMHFWHGODVHU

)LJ 6FDWWHUHGVSHFWUXPRIOLJKWLQWKHVHQVLQJILEHU
3XOVHG 
/DVHU
6SOLWWHU
G]
'HWHFWRUVDQG
6LJQDOSURFHVVLQJXQLWV
2SWLFDO)LEHU
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7KH EDVLF SULQFLSOH RI2SWLFDO 6HQVRU LV EDVHG RQ RSWLFDO 7LPHGRPDLQ UHIOHFWRPHWU\ 27'5 LQYROYLQJ WLPH RI
WHPSHUDWXUH¶V PHDVXUHPHQW LQ FRQMXQFWLRQ ZLWK 5DPDQ VFDWWHULQJ LQ ZKLFK VHQVLQJ ILEHU LV FRXSOHG WR VKRUW
LQWHUURJDWLQJODVHUSXOVHVDQGWKHEDFNVFDWWHUHGRSWLFDODQWL6WRNHVDQG6WRNHVFRPSRQHQWVDUHPRQLWRUHGIRUVLJQDO
FKDQJHV 7KHVH DQWL6WRNHV DQG 6WRNHV FRPSRQHQWV DUH FDXVHG E\ QRQOLQHDU SURFHVV SUHFLVHO\ LQHODVWLF QDWXUH RI
VSRQWDQHRXV5DPDQVFDWWHULQJLQZKLFKFKDQJHLQLQFLGHQWOLJKWWDNHVSODFHGXHWRYLEUDWLRQSURSHUWLHVRIPROHFXODU
LQWKLVଷ7KHVFKHPHILJGHVFULEHVWKHVFDWWHUHGVSHFWUXPRIOLJKWLQWKHVHQVLQJILEHU,W¶VHDV\VRWR
QRWLFHWKHFRPSRQHQWVDQGGLUHFWLRQRIZDYHV5DPDQVWRNHVDQGDQWLVWRNHV
 6WLPXODWHG5DPDQ6FDWWHULQJ656
,Q DQ RSWLFDO ILEHU 656 LV DQ LQHODVWLF SURFHVV ZKHUH D SKRWRQ RI WKH SXPS RSWLFDO VLJQDO LQFLGHQW VWLPXODWHV
PROHFXODU YLEUDWLRQ RI WKH VLOLFD PDWHULDO DQG ORVHV SDUW RI LWV HQHUJ\ >+8,@7KHUHIRUH 656 LV FDXVHG E\ WKH
LQWHUDFWLRQEHWZHHQWKHRSWLFDOVLJQDOSKRWRQVDQGWKHHQHUJ\VWDWHVRIWKHVLOLFDPROHFXOHV
7KHVFKHPHEHORZILJLOOXVWUDWHGWKHVWDWHHQHUJ\LQ656SURFHVV






)LJ 6FKHPHRI5DPDQVFDWWHULQJ

7KHILQDOHQHUJ\VWDWHRI5DPDQ6WRNHV VFDWWHULQJ LVKLJKHU WKDQ WKDWRI WKH LQLWLDOVWDWH7KH5DPDQ6WRNHVZDYH
JDLQHG D TXDQWXP RI YLEUDWLRQ HQHUJ\ KHUH ZH VSHDN DERXW SKRWRQ¶V FUHDWLRQ VWRNHV FRPSRQHQWV 7KLV HQHUJ\
\LHOGHGE\WKHLQFLGHQWDOOLJKWSXOVHGODVHULVXVXDOO\GLIIXVHGZLWKDORZHUIUHTXHQF\+RZHYHUWKHILQDOHQHUJ\
VWDWHRI$QWL6WRNHV5DPDQVFDWWHULQJLVORZHUWKDQWKDWRIWKHLQLWLDOHQHUJ\VKRZILJ
7KHHQHUJ\JDLQHGE\WKHODVHUOLJKWZKLFKLVGLIIXVHGZLWKDKLJKHUIUHTXHQF\FDXVHVDORVVRI଼
5DPDQ6FDWWHULQJGHSHQGHQFHDQGPHDVXUHPHQWV
 5DPDQGHSHQGHQFHV
7KH LQHODVWLF QDWXUHRI VSRQWDQHRXV5DPDQ VFDWWHULQJ FDXVHV DQWL6WRNHV DQG6WRNHV FRPSRQHQWV$Q\ FKDQJH LQ
SXPSOLJKWWDNHVSODFHLQWKHVHFRPSRQHQWVWKHQWKHLQFLGHQWOLJKWKDVDZLGHO\LPSDFWLQ6567KHVFDWWHUHGOLJKW
SRZHURI5DPDQVWRNHVDQGDQWLVWRNHVLVLQKHUHQWO\ZHDNRIWKHRUGHURIS:DQGQHHGDPSOLILFDWLRQE\VHYHUDO
RUGHUVaͳͲ଻RIଷ
7KHVWRNHVDQGDQWLVWRNHVRFFXSDWLRQSUREDELOLWLHVRI656DUHREWDLQHGଵ
ୱ  ଵଵିୣ୶୮ሺି οుేכ౐ሺ౰ሻሻ


ୟୱ 
ୣ୶୮ሺି οుేכ౐ሺ౰ሻሻ
ଵିୣ୶୮ሺି οుేכ౐ሺ౰ሻሻ

:KHUHο(   K ୱ െ ୮ሻ LV WKH 5DPDQ HQHUJ\ VKLIW ୱ LV VFDWWHUHG  ZDYHOHQJWK୮ SXPS¶V ZDYHOHQJWK K
3ODQFN¶VFRQVWDQWDQGN LV WKH%ROW]PDQQFRQVWDQW7RFKHFN WKHGHSHQGHQFHRI WKHVHHTXDWLRQVVWRNHVDQGDQWL
VWRNHVRFFXSDWLRQWRWHPSHUDWXUHFKDQJH7RYDOLGDWHHTXDWLRQVDQGZHFKRVHWRUHSUHVHQWWKH5DPDQVWRNHV
DQGDQWLVWRNHV VFDWWHUHGSRZHUVDWYDU\LQJ WHPSHUDWXUH)LJ VKRZV WKDW OLIHWLPHRIDQWLVWRNHVZDYHV LQRSWLFDO
ILEHUVHQRULVORZHUWKDQVWRNHVZDYHV


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
)LJ 6WRNHVDQG$QWLVWRNHV2FFXSDWLRQDWGLIIHUHQW7HPSHUDWXUHV
 5DPDQ0HDVXUHPHQWV
ୟୱሺሻ ൌ ୟୱ כ
ͳ
ሺሺሻ െ ͳሻሺ͵ሻ
ୱሺሻ ൌ ୱ כ ൬
ͳ
ሺሺሻ െ ͳሻ൅ ͳ൰ሺͶሻ

:KHUH $  Kǻ .7 DQGǻWKH 5DPDQ IUHTXHQF\ VKLIW H[SUHVVHG LQହ«7KH LQWHQVLW\ RI 5DPDQ DQWL
6WRNHV ZDYH LV VWURQJO\ GHSHQGHQW WR WHPSHUDWXUH ZKLOH WKH LQWHQVLW\ RI WKH 6WRNHV ZDYH LV QRW DIIHFWHG E\ D
WHPSHUDWXUHFKDQJH,QIDFWWKHLQWHQVLW\RIWKH5DPDQOLQHVLVSURSRUWLRQDOWRWKHLQLWLDOOHYHORIWKHSXPSLQWHQVLW\
,QGHHG WKH HQHUJ\ OHYHO RI WKH DQWL6WRNHV ZDYH LV SRSXODWHG E\ WKH VWDWLVWLFDO ODZ RI %ROW]PDQQ DFFRUGLQJ WR
GHSHQGHQFHLQ ቀെ Kכǻ୚ሺ୏כ୘ሻቁ
ଽ

)LJ ,QWHQVLW\VWRNHV$QWLVWRNHVRYHU7HPSHUDWXUH

7KH WHPSHUDWXUHRI WKHRSWLFDO ILEHU VHQVRU]RQH IRUZKLFK5DPDQDQWL6WRNHV ,$6DQG6WRNHV ,67 LQWHQVLWLHV
   

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KDYH EHHQ PHDVXUHG FDQ EH IRXQG IURP UDWLR 5$7,2 RI WKHVH WZR LQWHQVLWLHV ,W¶V H[SUHVVHG E\ WKH
IROORZLQJହ
ሺሻ ൌ  ୟୱሺሻୱሺሻ 

ሺሻ ൌ ୟୱୱ כ  ൬െ
 כ ȟ
ሺ כ ሻ൰ ሺͷሻ
ୟୱDQGୱDUHWKHFRHIILFLHQWRIWKHWHPSHUDWXUHVHQVLWLYLW\RIWKH5DPDQLQWHQVLW\ୟୱLVa.DQGୱLVa
.
୍౩ሺ୘ሻ
୍౗౩ሺ୘ሻ ൌ  ሺ
୚బା୚౒
୚బି୚౒ሻ
ସ כ ሺെ ୦כǻ୚ሺ୏כ୘ሻሻ
7KHUDWLRRIDQWL6WRNHVWR6WRNHVVLJQDOVKRXOGEHLQWKHLGHDOସ7KHERWWRPSORWLQ)LJVKRZVWKHSORW
RIWKLVWKHRUHWLFDOUDWLRDVDIXQFWLRQRIDEVROXWHWHPSHUDWXUHIRUWKH5DPDQVLJQDOVJHQHUDWHGIRUDVRXUFHODVHU
ZDYHOHQJWKRIQPDQGDVLOLFDILEHUZLWKZDYHQXPEHUVKLIWRIFP

)LJ 5DWLR$QWL6WRNHV6WRNHVRYHU7HPSHUDWXUH

,QRXUFDVHWKHPHDVXUHPHQWRI5$7,2$QWLVWRNHVVWRNHVLVIUHHIURPH[WHUQDOLQIOXHQFHVVXFKDVFKDQJHVRIWKH
OLJKWVRXUFHRURIWKHRSWLFDOILEHUDWWHQXDWLRQDQGZLWKRXWG\QDPLFORVVHVHJGXHWREHQGVZKLOHOHDYLQJRQO\WKH
WHPSHUDWXUH FKDQJHV 6R WKH GLIIHUHQFH EHWZHHQ H[SHULPHQWDO DQG WKHRUHWLFDO YDOXHV RI5$7,2 H[LVWVଷ
)LJVKRZVWKDWDWKLJKHUWHPSHUDWXUH!&YDOXHVRI5$7,2DUHPRUHVHQVLEOH
7DEOH9DOXHVRISDUDPHWHUVXVHGLQ6LPXODWLRQV
6\PERO 3DUDPHWHU 9DOXH 8QLW
. %ROW]PDQQ¶VFRQVWDQW ȋ ͳͲିଶଷ -.
+ 3ODQFN¶VFRQVWDQW ȋ ͳͲିଷସ -V
ȁ /DVHUZDYHOHQJWK ȋͳͲି଺ P
ୱ 7KHFRHIILFLHQWRIWKH
WHPSHUDWXUHVHQVLWLYLW\VWRNHV
 
ୟୱ WKHFRHIILFLHQWRI WKH WHPSHUDWXUH
VHQVLWLYLW\DQWLVWRNHV
 
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%RWKDQWLVWRNHVDQGVWRNHVVFDWWHULQJDUHWHPSHUDWXUHGHSHQGHQWZLWKGLIIHUHQWSURSULHWLHV&ODVVLFDOO\WHPSHUDWXUH
YDULDWLRQLVQHJOLJLEOHLQWKHPHDVXUHPHQWWLPHVRLW LVDVVXPHGWKDW7LVIXQFWLRQRI]ଵ+HDWH[FKDQJHLVD
VORZSURFHVV LQ656 VR WR ILQG WKH WHPSHUDWXUHYDULDWLRQ DORQJRSWLFDO ILEHUZHJHQHUDOO\XVH WKH UDWLR5]WRI
VWRNHV DQG DQWLVWRNHV LQWHQVLW\ +HQFH XVLQJ WKH IROORZLQJ HTXDWLRQ HT ZH GHGXFH WHPSHUDWXUH YDOXHV DORQJ
RSWLFDOILEHU
5]7 ሺ ఒೞఒಲೞሻ
ସH[S ௛௱ఔ௞כ்ሺ௭ሻ ׬ ሺߙ஺௦
௭
଴ ሺߦሻߙ௦ሺߦሻሻ݀ȟ
:KHUHɉୱDQGɉ୅ୱUHSUHVHQWLQJ WKH 6WRNHV DQG DQWL6WRNHV ZDYHOHQJWKV UHVSHFWLYHO\Ƚ୅ୱȽୱDUH WKH UHVSHFWLYH
ILEHUDWWHQXDWLRQFRHIILFLHQWVȟɋLVWKHIUHTXHQF\YDULDWLRQEHWZHHQ$6DQGSXPS଻
,QRXUVLPXODWLRQLQRUGHUWRILQGWHPSHUDWXUHWKURXJK5DPDQGLVWULEXWHGVHQVRUZHXVHWKHIROORZLQJHTXDWLRQ

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7KH VHQVLQJ UDQJH RI WKH 5DPDQ 27'5 VHQVRUV LV W\SLFDOO\ OLPLWHG EHWZHHQ P NP 7KLV VHQVLQJ OHQJWK
OLPLWDWLRQLVGXHLQODUJHSDUWWRILEHUORVVDQGILEHULQWHUPRGDOGLVSHUVLRQLIPXOWLPRGHILEHULVXVHGDVWKHVHQVLQJ
ILEHU7KXVDQRWKHUIDFWRUDIIHFWLQJWKH5DPDQ27'5UDQJHLVWKHUHSHWLWLRQUDWHRIWKHSXPSODVHUKRZHYHUWKLV
FDQ EH PRGLILHG ZLWK PRGXODWLRQ HLWKHU LQWHUQDO RU H[WHUQDO WR WKH SXPS ODVHU 7KH XVH RI PXOWLPRGH ILEHUV WR
PHDVXUH WHPSHUDWXUH LV FRPPRQ ,QGHHG WKHVH ODVW DUH OHVV VXVFHSWLEOH WR EHQGLQJ DQG DOORZ IRU EHWWHU VLJQDO WR
QRLVHUDWLRVWKHWHPSHUDWXUHPHDVXUHPHQWVDUHPRUHଽ
7RGHGXFH WKHHIIHFWRIGLVWDQFHYDULDWLRQ LQ WHPSHUDWXUH¶VPHDVXUHPHQWZHXVH WKH5DPDQVFDWWHULQJFRPELQHG
ZLWK27'5V\VWHP:HVHOHFWHGGLIIHUHQWSRLQWRIPHDVXUHPHQWG]LQWKHRSWLFDOILEHUWKHUDWLRVWRNHVDQWLVWRNHV
LV IL[HG WR ZH YDULHG DOVR WKH IUHTXHQF\ RI SXPS VLJQDO DV D UHVXOWVZH VKRZ WKDW YDOXHV RI WHPSHUDWXUH
YDULHG VOLJKWO\ 7KH GLVWULEXWHG VHQVRU DSSOLHG WR 5DPDQ PHDVXUHPHQWV LV YHU\ VHQVLEOH WR WKH IOXFWXDWLRQV RI
LQWHQVLW\ :KHQ WKH IUHTXHQF\ RI ODVHU VLJQDO LV LQ WKH YLFLQLW\ RI 7K] WHPSHUDWXUH¶V YDOXHV DUH WKHPRVW
DFFXUDWHDQGIDLWKIXO
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
)LJ 9DULDWLRQ7HPSHUDWXUHRYHUGLVWDQFHDWGLIIHUHQWIUHTXHQF\
 6566SHFWUXP
7KH5DPDQJDLQVSHFWUXPLVGHILQHGE\WKHFRXSOLQJRIRSWLFDOPRGHLQWKHRSWLFDOILEHU5DPDQJDLQୖLVUHODWHG
WRYLEUDWLRQDOPRGHVLQPDWHULDO
7KHFRHIILFLHQWRI5DPDQJDLQLQWKHVWRNHVZDYHFDQEHZULWWHQDV
ୢ୍౩
ୢ୸ ൌ ୖ୮ୱ െ Ƚୱୱ
:KHUHȽୱLVWKHDWWHQXDWLRQILEHU)RUSXPSZDYHWKHFRXSOHGHTXDWLRQLV

ୢ୍౦
ୢ୸ ൌ െ
୵౦
୵౩ ୖ୮ୱ െ Ƚ୮୮ሺͳͲሻ

:KHUH୮WKHSXPSIUHTXHQF\ୱWKHVWRNHVIUHTXHQF\7KHJDLQEDQGLVUHODWLYHO\ZLGHDQGLWLVDERXW7+]
WKHUHIRUH5DPDQJDLQWDNHVSODFHLQHYHU\ILEHUZKLFKSHUPLWVWRDYRLGWKHH[SHQVLYHPDWHULDOϐଵଶ
7KH5DPDQVKLIWLV
ୖ ൌ ୮ െ ୱ
$SSOLFDWLRQVRI5DPDQGLVWULEXWHGVHQVRU
'LVWULEXWHG VHQVRUV RIIHU DQ DGYDQWDJH RYHU SRLQW VHQVRUV IRU JOREDO WHPSHUDWXUH PHDVXUHPHQWV )RU ODUJH VFDOH
VWUXFWXUHV WKH QXPEHU RI WKLV GLVWULEXWHG VHQVRUV QHHGHG WR JHQHUDWH FRPSOHWH WHPSHUDWXUH LQIRUPDWLRQ LV
YHU\ଵଷ8QWLOQRZ5'76LVPDLQO\XVHGWRGHWHFWWHPSHUDWXUHLQIRUPDWLRQVRLWKDVEHHQHPSOR\HGLQDZLGH
UDQJHRIDSSOLFDWLRQହ
7KHVH DSSOLFDWLRQV RIIHU UHDO PHDVXUHPHQWV DQG LQFOXGH VWUXFWXUH PRQLWRULQJ OHDNDJH GHWHFWLRQ DSSOLFDWLRQV LQ
0LQHVRLODQGJDVILUHGHWHFWLRQVHFXULW\DQGSRZHUOLQHVPRQLWRULQJ«
6+0
7KH XVH RI 5'76 LV D SURPLVLQJ PHDVXUHPHQW WHFKQRORJ\ IRU 6WUXFWXUDO +HDOWK 0RQLWRULQJ 6+0 VXFK WKH
SRVVLELOLW\RIFRQWLQXRXVPRQLWRULQJRIWHPSHUDWXUHDORQJRSWLFDOILEHU
6+0 RIIHUV D UHDO WLPH WHPSHUDWXUH SURILOHV LQ FDEOH WUD\V WXQQHOV DQG VSHFLDO KD]DUGRXV ]RQHV DQG RIIHU
DXWRPDWLFDOO\WULJJHUHGଵହ7KXVUHDOPHDVXUHPHQWVFDQEHXVHGWRUHYHDOWKHJOREDOEHKDYLRURIDVWUXFWXUH
UDWKHU WKDQH[WUDSRODWLRQIURPD IHZSRLQWଵଷ&RQWLQXRXVKHDOWKPRQLWRULQJVHQVRUV ODLGDORQJ WKH
FRQFUHWH VWUXFWXUHV FRXOG LQGLFDWH LQFLSLHQW GDPDJHV GLIILFXOW WR SLFN XS E\ KXPDQ LQVSHFWLRQ OHDGLQJ WR
FDWDVWURSKLFଵହ
/HDNDJH'HWHFWLRQ
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,QFLYLOHQJLQHHULQJKHDOWKPRQLWRULQJRIEXLOGLQJVGDPVDQGGLNHVLVYHU\LPSRUWDQWWRGHWHFWDQGLGHQWLI\HDUO\
DQ\OHDNDJHLQRUGHUWRSUHYHQWFDWDVWURSKLFIDLOXUHVOLNHIORRGLQJHWF
)LUHGHWHFWLRQ
$XWRPDWLF ILUH GHWHFWLRQ LV DQ LQWHUHVWLQJ WRSLF WR SUHYHQW DVVHW GDPDJH DQG KXPDQ FDVXDOW\ )LUH GHWHFWLRQ LV D
V\VWHPEDVHGRQRSWLFDOVPRNHGHWHFWRULRQL]DWLRQGHWHFWRULQIUDUHGRUXOWUDYLROHWIODPHGHWHFWLRQHWF2QHRIWKH
PRVW SURPLVLQJ WHFKQRORJLHV LV OLQHDU RSWLFDO ILUH GHWHFWLRQ EDVHG RQ WKH '76 SULQFLSOH HJ 5DPDQ VFDWWHULQJ
8VLQJIUHTXHQF\GRPDLQUHIOHFWURPHWU\LQRSWLFDOILEHUVHQVRU WKHVWXG\UHSRUWHGWUDFNLQJRIUDSLGFKDQJHV LQWKH
WHPSHUDWXUHSURILOHWRGHWHFWILUHDQGORFDOL]HWKHVHDWRIWKHILUHZLWKLQDEXLOGLQJZLWKPଵହ
$SSOLFDWLRQVLQ0LQHV
)RUVKHOWHUHGDQGVDIHHOHFWULFDORSHUDWLRQLQPLQHVVKXWWOHFDUWUDLOLQJFDEOHVVKRXOGEHRSHUDWHGEHORZWKHVDIHW\
OLPLWZKLFKLVDERXW&2SHUDWLRQLQWHPSHUDWXUHFRQGLWLRQPRUHWKDQWKDWFDQFDXVHSUHPDWXUHLQVXODWLRQIDLOXUH
7KHUHIRUHLQPLQHVWKHGLVWULEXWHGWHPSHUDWXUHUHSRUWHGXVHRIILEHURSWLFWHFKQRORJ\WRPRQLWRUDWPRVSKHULFUHODWHG
SDUDPHWHUVOLNHPHWKDQH&+DQGFDUERQPRQR[LGHሺሻଵହ
&RQFOXVLRQ
5DPDQGLVWULEXWHGVHQVRUWHFKQRORJ\LVDFWXDOO\PDWXUHDQGYHU\XVHIXOIRUVKRUWUDQJHDQGIDVWWHPSHUDWXUHVHQVLQJ
DSSOLFDWLRQV IRU H[DPSOH ILUH GHWHFWLRQ LQ D WXQQHO ,Q WKLV DUWLFOH ZH H[SODLQ FOHDUO\ WKH 5DPDQ VFDWWHULQJ
SURFHVVHVWKHUHIRUHWKHUHVXOWVRI0DWODEVLPXODWLRQLQGLFDWHWKDWWKHDQWLVWRNHVVLJQDOLVVWURQJO\GHSHQGHQWRQWKH
WHPSHUDWXUH WKXVWKHWHPSHUDWXUHYDULHVVOLJKWO\E\FKDQJLQJWKHSRLQWRIPHDVXUHPHQW$W\SLFDOSHUIRUPDQFHRI
5DPDQVHQVLQJZLOOJLYHDWHPSHUDWXUHUHDGLQJWKDWLVDFFXUDWHWR&ZLWKDUDWLRVWRNHVDQWLVWRNHVDQGD
PVSDWLDOUHVROXWLRQDWDGLVWDQFHRINPPD[LPXPREWDLQHGDIWHUDPLQXWHDYHUDJLQJ:HKDYHGHPRQVWUDWHG
WKDW5DPDQVFDWWHULQJJLYHXVH[DFWPHDVXUHPHQWRI WHPSHUDWXUH LQ WKH IXWXUHZRUNZHZLOO WU\ WRPHDVXUHRWKHU
SDUDPHWHUVSUHVVXUHVWUDLQ«
5HIHUHQFHV
$5%DKUDPSRXU$0RRVDYL0-%DKUDPSRXU/6DIDHL6SDWLDOUHVROXWLRQHQKDQFHPHQWLQILEHU5DPDQGLVWULEXWHGWHPSHUDWXUHVHQVRUE\
HPSOR\LQJ)RU:D5'GHFRQYROXWLRQDOJRULWKP6FLHQFH'LUHFW2SWLFDO)LEHU7HFKQRORJ\)HEUXDU\
5RQJTXLJ+XL0DXULFH2¶VXOOYLDQ)LEHU2SWLF0HDVXUHPHQW7HFKQLTXHV
0DQRM.XPDU6D[HQD6'96-5DMX5$U\D69*5DYLQGUDQDWKE6.KH602DND2SWLFDOILEHUGLVWULEXWHGWHPSHUDWXUHVHQVRUXVLQJ
VKRUWWHUP)RXULHUWUDQVIRUPEDVHGVLPSOLILHGVLJQDOSURFHVVLQJRI5DPDQVLJQDOV6FLHQFH'LUHFW
0HDVXUHPHQW6HSWHPEHUSS±
636LQJK5*DQJZDUDQG16LQJK121/,1($56&$77(5,1*())(&76,1237,&$/),%(56SS
 *DEULHOH %RORJQLQL $UWKXU +DUWRJ 5DPDQEDVHG ILEUH VHQVRUV 7UHQGV DQG DSSOLFDWLRQV 6FLHQFH'LUHFW 2SWLFDO )LEHU 7HFKQRORJ\  
6HSWHPEHUSS±
$UXS/DO&KDNUDERUW\5DNHVK.XPDU 6KDUPD0DQRM.XPDU 6D[HQD 6DQMD\.KHU&RPSHQVDWLRQ IRU WHPSHUDWXUH GHSHQGHQFH RI 6WRNHV
VLJQDODQGG\QDPLFVHOIFDOLEUDWLRQRID5DPDQGLVWULEXWHGWHPSHUDWXUHVHQVRU)HEUXDU\
 $ 6RWR $OHVVDQGUR 6LJQRULQL 7L]LDQR 1DQQLSLHUL 6WHIDQR )DUDOOL DQG *DEULHOH %RORJQLQL +LJK3HUIRUPDQFH 5DPDQ%DVHG 'LVWULEXWHG
)LEHU2SWLF6HQVLQJ8QGHUD/RRS6FKHPH8VLQJ$QWL6WRNHV/LJKW2QO\0DUFHOR0HPEHU,(((3+2721,&67(&+12/2*</(77(56
92/120$<
$QQH[H+6SHFWURVFRSLHGHGLIIXVLRQ5DPDQSS
<6LNDOL0DPGHP³VHQVRUVZLWKRSWLFDOILEHUVGLVWULEXWHGE\%ULOORXLQHIIHFWVHSDUDWLRQRIWKHGHSHQGHQFHDWWKHWHPSHUDWXUHDQGWKHVWUDLQ´
2FWREHU
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%ULOORXLQ'LVWULEXWHG)LEHU6HQVRUV$Q2YHUYLHZDQG$SSOLFDWLRQV+LQGDZL3XEOLVKLQJ
&RUSRUDWLRQ-RXUQDORI6HQVRUV9ROXPHSS
 3DXOR $QWXQHV  +XJR /LPD +XPEHUWR 9DUXP  3DXOR $QGUp 2SWLFDO ILEHU VHQVRUV IRU VWDWLF DQG G\QDPLF KHDOWK PRQLWRULQJ RI FLYLO
HQJLQHHULQJLQIUDVWUXFWXUHV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3URFHHGLQJVRI,QWHUQDWLRQDO6\PSRVLXPRQ6LJQDOV6\VWHPVDQG(OHFWURQLFV
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